The effect of 3,4-dimethyl substitution on the neurotoxicity of 2,5-hexanedione. II. Dimethyl substitution accelerates pyrrole formation and protein crosslinking.
3,4-Dimethyl-2,5-hexanedione and 2,5-hexanedione were reacted with model amines to yield N-substituted 2,3,4,5-tetramethylpyrroles and 2,5-dimethylpyrroles, respectively. When compared to the unsubstituted parent compound 2,5-hexanedione, 3,4-dimethyl-2,5-hexanedione was found to cyclize approximately eight times as rapidly on a molar basis at 37 degrees C, with an activation energy of 3290 cal/mole less than 2,5-hexanedione. In addition, 1-benzyl-2,3,4,5-tetramethylpyrrole oxidized more readily than 1-benzyl-2,5-dimethylpyrrole with a difference in the half-wave potentials of 0.29 V. Both gamma-diketones led to progressive crosslinking of proteins in vitro, with the dimethyl substitution accelerating this process by a factor of 40. The formation of pyrrolyl derivatives in vivo was demonstrated by the characteristic absorption spectra obtained following reaction of erythrocyte proteins from intoxicated rats with Ehrlich's reagent. There was progressive formation of protein-bound dimethylpyrroles following exposure to 2,5-hexanedione and formation of tetramethylpyrroles following exposure to 3,4-dimethyl-2,5-hexanedione in vivo. Preparations of axonal pads also demonstrated pyrrole derivatization in vivo. In addition, spectrin preparations of erythrocytes from intoxicated rats showed a large amount of high molecular weight protein (400,000 Da), corresponding to dimerized spectrin. Thus, 3,4-dimethyl-2,5-hexanedione, which is 20 to 30 times more potent on a molar basis than 2,5-hexanedione in leading to a neurofilamentous neuropathy, is associated with more rapid pyrrole formation and protein crosslinking in vitro, and it has been demonstrated that these processes occur in vivo. These observations support the hypothesis that pyrrole formation and autoxidation occur following exposure to gamma-diketones, leading to covalent crosslinking of proteins in vivo, a process which may explain the pathogenesis of neurofilament accumulation in these neuropathies.